Abstract: The representation of microcirculation can be approached in several ways. One of the possibilities is to represent the endothelium (endothelial or sinus lining cells) and their basement membrane on the basis of detecting the known components and the expression of the surface antigenes by the methods of immuno-, enzyme-or lectino-histochemical analysis, or by staining or impregnation histological methods. The other possibility is the examination of samples by transmission and scanning electron microscopy. For three-dimensional demonstration corrosion casts techniques or laser scanning confocal microscopy can be used. In this paper we describe the survey of immuno-, enzyme-and lectino-histochemical characteristics of selected components of microcirculation and our own results of its demonstration in human spleen.
Introduction
Spleen is the largest lymphatic organ in humans. It is responsible for blood filtration and is largely involved in immune reactions (Jakubovský 1996; Mebius & Kraal 2005; Wluka & Olszewski 2006) . The specific splenic microcirculation is closely related to its function. It is formed by arteries and veins of various calibre, capillaries (within some sections sheathed), venous sinuses and spaces of cords in the red pulp. Some authors include here also the sinuses of the perifollicular zone (Wilkins & Wright 2000; Steiniger et al. 2001 ). Blood reaches the spleen via splenic artery (arteria splenica, Kachlík et al. 2008 Kachlík et al. , 2009 ). Its branches passing inside the collagenous trabecules are known as trabecular arteries (arteriae trabeculares). These entering the parenchyma branch to form central arteries (arteriae centrales), which are surrounded by lymphatic tissue /periarteriolar lymphoid sheath, PALS/ (Brozman & Jakubovský 1988; van Krieken & Orazi 2007 ). The arterioles of follicle then come out at a right angle from the central artery (Jakubovský et al. 2001) . Remainding branches of the central artery pass through the marginal zone into red pulp. There they divide into penicillary arterioles (arteriolae penicillares), running in parallel (Kierszenbaum 2007) . Finally, the arterioles form capillary network of red pulp and marginal zone. Prevailing in the spleen is the open type of circulation, its minor part occurring in a closed system. In closed circulation the artery walls are directly related to the sinus walls (Belko et al. 1992) . In open circulation the arteries end blindly in the red pulp, while the blood freely flows out into the spaces of Billroth's cords. After passing through the three-dimensional network of cords the blood subsequently gets into the sinuses by penetrating through the openings in their walls (Jakubovský 1996) . Little known circulation in the perifollicular zone may also be engaged into open type of circulation. It is formed by rich capillary network with sheated capillaries and by blood filled spaces without lining (Steiniger et al. 2001; van Krieken & Orazi 2007) .
Material and methods
We have gained the samples of human spleen by splenectonomy from patients suffering from autoimmune trombocytopenia (AITP), acute lymphoblastic leukemia (ALL) and lymphoma. For ordinary light microscopy (LM) we fixed them for 24 h in 4% formaldehyde or Baker's fixation liquid, for transmission (TEM) and scanning electron microscopy (SEM) for 3 h in 3% glutaraldehyde. For LM we embedded samples into paraffine. We stained the sections by hematoxyline-eosin and the Gomori's impregnation method (Lillie 1965) . For TEM we post-fixed the tissue with 1% OsO4 in phosphate buffering solution and embedded into Durcupan ACM. We contrasted the ultrathin sections with uranyl acetate and lead citrate (Mráz & Polónyi 1988) . For SEM we identically postfixed the tissue, after dehydration we dried it at the critical point of CO2 (CPD 020 Balzers Union) and galvanized it with gold for 2.5 min at the pressure of 2500 Pa and the current of 50 mA in the apparatus SCD 030 Balzers Union, the anode-cathode disc 2009 Institute of Zoology, Slovak Academy of Sciences tance being 55 mm (Polák et al. 1983) . We studied the tissue and documented it under the light microscope Leica DM 5000 B, in TEM MORGAGNI 268D a SEM VEGA TS 5136 XM. For the purposes of immuno-and enzymehistochemical analysis we fixed the tissue in a mixture of dry ice and acetone and we made cryostatic sections. As to antiserums, we used rabbit antibodies against fibronectin /anti-fibroectin + SwAR-FITC/ (Brozman & Jakubovský 1988) . By an enzyme-histochemical method we testified to the activity of dipeptidylpeptidase IV (Jakubovský 1993) .
Results
We present our results of application of electronmicroscopic, immune-and enzyme-histochemical methods, as well as illustrative utilization of ordinary light microscopic methods. We have focused on the demonstration of the venous sinuses as a part of microcirculation. The basement membrane (membrana basalis, MB) of sinuses is fragmented and takes shape of fine ring fibers. Those can be successfully distinguished by proper impregnation methods (Fig. 1) . The fragments of ring fibers contain fibronectin according to the antibodies we have used (Fig. 6) . They encircle the wall of sinuses and ressemble to the hoops in threedimensional image by SEM. Fibroblastic reticular cells (FbRC) are in a close touch with those structures from outer side (Fig. 4) . Rod-shaped sinus lining cells (SLCs) are aligned to the axis of sinus. SLCs form a mesh comming with the ring fibers, which serves for blood elements to pass through (Fig. 4) . SLCs tightly adhere on the basement membrane fragments. Their nuclei with a piece of cytoplasm significantly protrude into the lumen (Fig. 3) . SLCs exhibit a specific enzymatic activity of dipeptidylpeptidase IV /DPP-IV/ (Fig. 5) . We did not confirm a theory of streight overpass from the continuous arteriolar MB into the discontinuous MB of sinuses by REM and TEM. However, this overpass was present, even though very rarely, in DDP-IV marked slides.
Discussion
The basement membranes (MBs, membranae basales) of the arterial and venous systems of the spleen were, with the help of antichondral substances, immunohistochemically represented already by Brozman et al. (1983) . The MB of the sinuses proved to be interrupted and the authors did not find any direct transition of the continuous MB of artery capillaries into the discontiuous MB of venous sinuses. By the described finding they showed that in human spleen mainly open circulation exists. Galbavý et al. (1996) investigated adult human spleen with the help of antibodies against collagens of type I-IV and chondroitin sulphate A, B and C. Collagen of type I, III and chondroitin sulphate C did not react with the samples. The absence of collagen of type III in adult human spleen corresponds to the information by Liakka & Autio-Harmaunen (1992) who proved it only in a developing spleen. From among the circulation components by the antiserums of collagen of type IV and II and chondroitin sulphate A were manifested the sinus walls. The fibrous components of the terminal arteriolar capillaries were detected by antiserum of collagen of type II, the trabecular venous walls by chondroitin sulphate A (Galbavý et al. 1996) . The presence of collagen of type IV and chondroitin sulphates A and B in spleen sinuses has also been proved by Rovenská et al. (2005) . Määtä et al. (2004) have proved the presence of collagens of type IV and XVIII in all the capillaries of the white and red pulp also in the ring fibers of the sinuses. However, they found collagen of type XVII exclusively only in the ring fibers of the sinuses. Šidlo et al. (1996) demonstrated fibronectin in the wall of the sinuses. We, too, testify to its presence in the ring fibers of the sinuses in our material (Fig. 6) . On the contrary, Liakka & Autio-Harmainen (1992) have not proved the presence of fibronectin in the ring fibers of the sinuses of an adult human. Nevertheless, they found there tenascin and vitronectin. We think that the large variety of antibodies against some subtypes of fibronectin in these days can probably cause low specificity for ring fibers of sinuses.
Many authors have dealt with proving various clusters of differentiation (CD) on the surface of endothelial cells in the vasal bed in spleen (Korkusuz et al. 2002; Pusztaszeri et al. 2006) , and these findings have also been summarized in textbooks by Wilkins & Wright (2000) and van Krieken & Orazi (2007) . Table 1 summarizes selected characteristics of splenic endothelial cells according to the presence of CD.
Spleen has been analyzed lectino-histochemicaly by Papinčák et al. (2004) . The sinus lining cells (SLCs) and ring fibers have been represented in their study by HPA (Helix pomatia agglutinin) and fibroblastic reticular cells of the red pulp cords with the help of SBA (soy bean agglutinin). They used CMA (Chelidonium majus agglutinin) to demonstrate central arteries and reticular cells of white pulp (Düllmann et al. 2000) .
In addition to others, Heusermann & Stutte (1975) , Brozman & Jakubovský (1988) , as well as Belko et al. (1992) have researched the enzym activity of the spleen endothelial cells. SLCs manifested the activity of naphtol AS acetate esterase and dipeptidylpeptidase IV, but they did not have the activity of alkaline phosphatase typical for the endothelial cells of arterial capillaries. By observing the activity of dipeptidylpeptidase IV in SLCs Belko et al. (1992) have proved that although rarely at some places there exists a direct connection between arterial capillaries and venous sinuses. Thus they have proved the presence of a closed type of blood circulation in the spleen. We also demonstrate the activity of dipeptidylpeptidase IV of SLCs (Fig. 5) . The said characteristics enable a closer characterization of the circulation components of the spleen. Jakubovský et al. (2002) showed a useful utilization of eosin -stained slides for the demonstration of splenic circulation. Central arteries, arterial endings or venous sinuses can be all observed by fluorescent microscopy. This technique is cheaper and simpler than the immunohistochemical methods are. The method of corrosion casts, SEM or modern laser scanning confo- cal microscopy (LSCM) offer a three-dimensional image of the circulation. The corrosion casts copy the inner vasal space only up to a certain luminal size, so the reconstruction of the fine microcirculation is limited by the technical attributes. SEM allows a fine detection of the surfaces. Our results show that both inner and outer surfaces of sinus walls can be effectively depicted by SEM. Kashimura & Shibata (1989) used SEM to thoroughly describe the splenic structure. Holibková & Machálek (2000) revealed particular connections between arterial and venous vessels. LSCM permits the examination of thicker slides than the ordinary LM does (Paddock 2000; Jirkovská et al. 2005) . Satoh et al. (1997) used LSCM for recognition of white pulp stroma.
In conclusion, at present the immuno-, lectino-and enzyme-histochemical methods are attractive and intensively developing, but they are still financially rather demanding. That is why we hold the opinion that the classical histological and above all electron-microscopic methods are still applicable. As the electron-microscopic technology is also becoming more refined, it is possible to examine in more detail the ultrastructure or the 3D image of the components of circulation in the spleen.
In our work we demonstrate the results of representing the sinuses in the TEM as well as in the SEM. Together with histochemical methods the electrone microscopy is becoming part of the new discipline of nanopathology (Gatti & Montanari 2008) . Successful demonstration by LSCM might bring new insight into complicated splenic microcirculation.
